Single nucleotide polymorphisms (SNPs) near 7 loci have been associated with liver function tests or with liver steatosis by magnetic resonance spectroscopy. In this study we aim to test whether these SNPs influence the risk of histologically-confirmed nonalcoholic fatty liver disease (NAFLD). We tested the association of histologic NAFLD with SNPs at 7 loci in 592 cases of European ancestry from the Nonalcoholic Steatohepatitis Clinical Research Network and 1405 ancestry-matched controls. The G allele of rs738409 in PNPLA3 was associated with increased odds of histologic NAFLD (odds ratio [OR] 5 3.26, 95% confidence intervals [CI] 5 2.11-7.21; P 5 3.6 3 10 243 ). In a case only analysis of G allele of rs738409 in PNPLA3 was associated with a decreased risk of zone 3 centered steatosis (OR 5 0.46, 95% CI 5 0.36-0.58; P 5 5.15 3 10 211 ). We did not observe any association of this variant with body mass index, triglyceride levels, high-and low-density lipoprotein levels, or diabetes (P > 0.05). None of the variants at the other 6 loci were associated with NAFLD. Conclusion: Genetic variation at PNPLA3 confers a markedly increased risk of increasingly severe histological features of NAFLD, without a strong effect on metabolic syndrome component traits. (HEPATOLOGY 2010;52:904-912) See Editorial on Page 807 N onalcoholic fatty liver disease (NAFLD) is a common cause of chronic liver disease. It is frequently associated with obesity, insulin resistance and features of the metabolic syndrome.
progresses to cirrhosis in approximately 15% of subjects. 4 The factors that predispose to the risk of progression and the mechanisms that drive disease progression in those who develop cirrhosis are not well understood.
Recently, genetic association studies successfully identified genetic variants that associate with many polygenic diseases and traits. 5 Seven genetic variants were associated with liver function tests (LFTs) (near PNPLA3, CPN1, ABO, GPLD1, JMJD1C, GGT1, HNF1A). 6, 7 An allele in PNPLA3-(rs738409[G] encoding L148M) was also associated with an increased risk of hepatic steatosis by magnetic resonance spectroscopy. 6, 8, 9 PNPLA3, also known as patatin like phospholipase-3 or adiponutrin, is expressed in adipose tissue 10 and has recently been shown to function as a lipase. 11 Elevations of liver enzymes are nonspecific markers of hepatocyte injury and liver imaging is an indirect measure of liver fat that can be influenced by other components in liver, including glycogen, iron and water content.
The objective of the current study was to determine the impact of genetic variants that associate with LFTs or liver steatosis by magnetic resonance spectroscopy on histologically-defined NAFLD in subjects with histologically-characterized NAFLD from the NASH Clinical Research Network (CRN).
Participants and Methods
Participants. This study focused on a test population of subjects with varying severity of histology diagnosed NAFLD and compared them to an ancestrymatched control population. The test population was comprised of adult patients from a cohort of subjects from the National Institute of Diabetes and Digestive and Kidney Disease (NIDDK) NASH CRN collected from 8 clinical centers in the United States (see Supporting Methods). To minimize the effects of stratification on genetic associations, only individuals of European nonHispanic ancestry were included for this genetic study. For selection criteria of individuals from the NASH CRN sample for analyses, see Supporting Methods.
A control population from the Myocardial Infarction Genetics Consortium (MIGen) cohort was used for matching to the test samples. As previously described, 12 these samples were collected from 6 centers in the United States and Europe (see Supporting Methods).
We obtained publicly available genome-wide association meta-analysis data generated by the Global Lipids Genetics consortium (for lipid levels), 13 and the DIA-GRAM (DIAbetes Genetic Replication And Metaanalysis consortium) (for type 2 diabetes [T2D]), 14 and also obtained unpublished meta-analysis results from the GIANT (Genetic Investigation of ANthropometric Traits Consortium) (for anthropometric measures of obesity). 15, 16 Measurement of Phenotypes. Detailed clinical and demographic information including age, gender, race, comorbidities such as T2D mellitus or hypertension, and relevant laboratory data including the lipid profile and liver enzymes were obtained in all cases in the test group from the NASH CRN records. Anthropometric measurements were obtained by specifically trained personnel at each center using standardized methodology. In MIGen, clinical information from baseline values were made available and used for analysis. 12 Liver histology was evaluated in the test group according to the NASH CRN scoring system. 3 Steatosis distribution was categorized into zone 3 centered, zone 1 centered, azonal or panacinar. The presence or absence of steatohepatitis was recorded independently. Predominantly macrovesicular steatosis was scored from grade 0-3. Inflammation was graded from 0-3 and cytologic ballooning from 0-2. The fibrosis stage was assessed from a Masson trichrome stain and classified from 0-4 according to the NASH CRN criteria. 3 In this classification, stage 3 represents bridging fibrosis and stage 4 represents cirrhosis.
Sample Curation and Genotyping. The NASH CRN samples were genotyped using the iPLEX Sequenom MassARRAY platform. A total of 131 single nucleotide polymorphisms (SNPs) were genotyped in the NASH CRN samples using the platform iPLEX Sequenom MassARRAY platform and the 127 that passed quality control criteria (see Supporting Methods) were used for analyses. For the MIGen cohort, 1405 control samples of self reported Caucasian ancestry were genotyped on the Affymetrix 6.0 product and used for analysis after quality control filtering (see Supplementary Methods) using previously described criteria. 12 To account for the uncertainty inherent in such imputations, an association analysis program (SNPTEST 17 ) was used to test association with allele ''dosage'' rather than dichotomous genotypes. PLINK output files for NASH CRN cases were converted to SNPTEST format for these association analyses.
Assessment and Identification of Ancestry-based Confounders. Genetic ancestry was initially explored by principal component analysis of the genome-wide data set from MIGen using Eigenstrat. 18 The first principal component was the most significant and correlated with that previously reported along the Northwest-Southeast axis within Europe. 19 It was confirmed that the self-reported country of origin in the MIGen cohort correlated with this principal component corroborating its validity. 12 From this analysis, 120 SNPs that were genotyped in the MIGen cohort and distinguished ancestry along the first principal component were chosen and genotyped in the NASH CRN test group, so that these samples could be matched to the MIGen control sample. Using PLINK, 20 individuals were matched based on identity by state distance which was calculated using these 120 SNPs; individuals were deemed to be part of the same population and could be matched if the pair-wise population concordance test statistic between them was > 1 Â 10
À3
. To control further for confounding by ancestry, we determined principal components in the NASH CRN and MIGen cohorts based on the genotypes of the 120 ancestry informative markers, using the smartpca program within Eigenstrat. 18 Five eigenvectors were generated for each individual in both the NASH CRN test group (only individuals of white, non-Hispanic origin) and the MIGen controls and used as covariates to control for ancestry in subsequent analyses.
Statistical Analyses. After matching NASH CRN cases to MIGen controls (described above), we analyzed 12 test SNPs for association to histologic traits using logistic regression. We controlled for age, age2 and gender and used the first 5 principal components of genetic ancestry as covariates in SNPTEST. 17 We report P values, ORs and confidence intervals (CIs) from analyses using dosages from imputed genotypes in MIGen. For NASH CRN case-only analyses, continuous variables were inverse normally transformed and association analyses was completed using regression in PLINK with the same covariates as in the casecontrol analysis. Dichotomous variables were tested for association in the NASH CRN case-only analysis using logistic regression in PLINK with the same covariates as above. For analyses in MIGen only, continuous variables were inverse normally transformed and association analyses were completed using regression in SNPTEST with the same covariates as above. Dichotomous variables were tested for association in MIGen using logistic regression in SNPTEST. We tested for interactions between the SNPs and age, gender and database (NAFLD or PIVENS) and these were not significant. We compared mean height, weight, body mass index (BMI), triglyceride levels, high-density lipoprotein levels, low-density lipoprotein levels, total cholesterol levels, waist circumference, systolic and diastolic blood pressure in individuals with NASH versus those without NASH, and in those with fibrosis versus no fibrosis, using a t test with equal variances for normally distributed traits (all but triglycerides [Tg]) or a Wilcoxon rank sum test (for Tg). We compared trait values between the NASH CRN and MIGen samples using a t-test, Wilcoxon rank sum test or chi-squared analyses.
Results

Association of Genetic Variants That Influence
LFTs With Histologically-confirmed NAFLD in a Case-Control Analysis. We selected 12 SNPs from 7 loci that have been reported to associate with steatosis by magnetic resonance spectroscopy (PNPLA3) 6 or with elevated liver tests (variants in or near PNPLA3, CPN1, ABO, GPLD1, JMJD1C, GGT1, HNF1A). 7 We genotyped these SNPs in 678 individuals with NAFLD from the NASH Clinical Research Network, and compared these genotypes with data from 1405 ancestry-matched controls from the MIGen study (characteristics of the participants can be found in Supporting Table 1 ).
We first tested the variants for an effect on overall histologic NAFLD. The G allele of rs738409 in PNPLA3 was strongly associated with an increased risk of histologic NAFLD (OR ¼ 3.26, 95% CI ¼ 2.11-7.21; P ¼ 3.6 Â 10
À43
; Table 1 Table 2 ). The similarity in the effects on overall histologic NAFLD and the subcomponents are due to a high degree of inter-relatedness of these phenotypes in the NASH CRN cohort (Supporting Table 1 ). All individuals in the NASH CRN sample with histology have at least some component of disease beyond simple steatosis including lobular inflammation, ballooning, or fibrosis indicating the presence of more advanced NAFLD. The remaining SNPs, including other variants associated with elevations in alanine aminotransferase (ALT) or aspartate aminotransferase (AST), were not strongly associated with histologic NAFLD (Table 1) . Controlling for BMI, T2D, high-density lipoprotein, low-density lipoprotein and TGs in these analyses did not noticeably affect any of the ORs, suggesting that these factors are not confounding the association of the SNPs with NAFLD (data not shown). Further, we controlled for the PNPLA3 variant rs738409 in analyses of the other two PNPLA3 variants (rs2294918 and rs2281135, which are both partially correlated with rs738409, with r 2 ¼ 0.18 and 0.61, respectively). Adding rs738409 into the analytical model reduced the ORs for the other two PNPLA3 SNPs to approximately 1, with a loss of statistical significance. This result suggests that the signals of association at these two SNPs are not independent of the stronger signal of association of rs738409 (data not shown). The effect of rs738409 on histologic NAFLD in gender-specific analyses in the NASH CRN/MIGen cohort was higher in women (OR ¼ 4.05, 95% CI ¼ 3.20-5.14) than in men (OR ¼ 2.50, 95% CI ¼ 1.95-3.20), but gender-specific analyses in additional, population-based cohorts would be needed to test whether there is a true and reproducible interaction between rs738409 and gender.
Effects of the rs738409 PNPLA3 Variant on Specific Features of NAFLD in a Case-Only Analysis of Individuals From the NASH CRN. To determine whether the G allele of rs738409 is associated with particular histologic characteristics in individuals selected for fatty liver disease, we next performed comparisons within the NASH CRN sample. Individuals within the NASH CRN who carry G alleles of rs738409 have a decreased odds for having zone 3 centered steatosis overall (OR ¼ 0.46, 95% CI ¼ 0.36-0.58; P ¼ 5.16 Â 10 À11 ; Fig. 1 , Table 2A ). In particular, there was a decreased odds of having zone 3 centered steatosis compared with zone 1 centered steatosis Table 2A ). Individuals that carry the G allele of rs738409 also have a higher odds of having a lobular inflammation score of !2 versus <2 (OR ¼ 1.42, 95% CI ¼ 1.12-1.78; P ¼ 0.0031; Table 2A). Association was not seen with ballooning, NASH diagnosis overall in the NASH CRN case only analysis (Table 2A ) but in comparing moderate versus no steatosis and severe versus no steatosis there was a trend towards significance (Table 2A) . Evaluation of Nearby gene, gene nearest SNP used in analyses; Chr/Position, the chromosome and position (in NCBI Build 36) of SNP used in analyses; Effect allele, the allele for which the Odds Ratio is reported; Other allele, the non-effect allele at the SNP locus; Effect Freq Cases, frequency of the effect allele in NASH cases; Effect Freq Controls, frequency of the effect allele in controls; 95%CI, lower and upper 95% confidence intervals for the odds ratio; Pval, P-value for association; Direction of e¡ect, direction relative to original association with increases steatosis or LFTs. **Results imputed using IMPUTE and analyzed using SNPTest. *Alternate correlated SNPs were used (r2 to rs1597390 shown in parentheses). Abbreviations: OR, odds ratio; AIKPhos, alkaline phosphatase; ALT, alanine aminotransferase; GGT, gamma glutamyl transpeptide. overall steatosis !5% versus <5% or overall lobular inflammation versus none could not be done due to the high prevalence of these traits in the NASH CRN. Specificity of Effects on Metabolic Disease. In light of the fact that fatty liver disease is closely associated with the metabolic syndrome, we considered the possibility that the association with NAFLD could be mediated by associations with aspects of the metabolic syndrome. If the effect of rs738409 on NAFLD were indirect and mediated by other metabolic phenotypes, the G allele of rs738409 would be associated with an unfavorable metabolic profile, including increased obesity, dyslipidemia or T2D. We therefore tested the association of this allele with features of the metabolic syndrome in the NASH CRN sample; because of ascertainment on glucose intolerance in the PIVENS (Proglitazone versus vitamin E versus placebo for treatment of non-diabetic patients with nonalcoholic steatohepatis) trial (see Supporting Methods), we excluded the PIVENS samples from these analyses. Interestingly, among patients selected for NAFLD, the G allele of rs738409 is actually associated with a favorable metabolic profile including decreased BMI, weight, waist circumference (WC), and triglyceride levels (TG) as well as increased high-density lipoprotein (HDL-C) and diastolic blood pressure (P values ¼ 0.03 to 2.1 Â 10 À5 ) and decreased risk of T2D (OR ¼ 0.72, 95% CI ¼ 0.55-0.93; P ¼ 0.01) (Table 2B ). Although individuals with severe liver disease may have weight loss, impaired lipid synthesis and decreased blood pressure, differences in multiple metabolic parameters between individuals with NASH/fibrosis versus those without these features were not significant in this sample (data not shown). Overall then, these results argue strongly against rs738409 increasing risk of NAFLD indirectly through an effect on these components of metabolic syndrome.
To test for an effect of the PNPLA3 variant on metabolic syndrome components in samples that were not ascertained for fatty liver disease, we also tested rs738409 for association of the traits that were available within the MIGen controls, and did not observe any associations (P ¼ 0.25-0.95; Table 2C ). We also examined the association of this SNP in published metaanalyses with BMI, waist circumference (WC), waist-tohip ratio (WHR), high-density lipoprotein cholesterol (HDL-C), low-density lipoprotein cholesterol (LDL-C) and triglycerides, and T2D risk. Specifically, we obtained the association results of this variant in large published meta-analyses from several consortia: DIA-GRAM 14 (T2D, n ¼ 10,128), GIANT 15, 16 (BMI, WC, WHR, n ¼ 32,521-38,570) and the Global Lipid Genetics Consortium(13) (HDL-C, LDL-C and TG, n ¼ 19,648 to 19,840). We observed that the G allele of rs738409 is not strongly associated with BMI, WC, WHR, LDL-C, TG, HDL-C or T2D risk in these large meta-analyses (P values ¼ 0.013-0.70; Table 2D ).
Specificity and Replicability of Associations With Liver Enzyme Levels. Finally, we considered whether the lack of association of the other variants to NAFLD might imply that the original associations with LFTs were not readily replicable. To determine whether we could replicate the associations with LFTs (at least in individuals selected for liver disease in the NASH CRN), we tested them for associations to ALT, alkaline phosphatase (AlkPhos) in the NASH CRN sample. We found that variants near ABO and GGT1 were, as expected, specifically associated with AlkPhos (P ¼ 2.17 Â 10 À6 ) and gamma glutamyl transpeptidase (GGT) levels (P ¼ 0.0006), respectively (Table 3) . Thus, the lack of association with NAFLD for these variants suggests that not all variants that are reproducibly associated with LFTs will also show association with NAFLD. We did not see evidence for association of variants near HNF1A with GGT or variants near GLPD1 or JMJD1C with AlkPhos, which could be due to a lack of true association, lack of power in our samples, or a lack of association with LFTs in individuals selected for NAFLD.
In conclusion, we extend previous work by showing that variants near PNPLA3, but not at the other 6 loci tested, specifically associate with histologic NAFLD. A recent study 21 reported an association between histologic NAFLD and variation near PNPLA3, although the evidence for association was much more modest than that described here, likely because of smaller sample size. Other LFT-associated SNPs have not to our knowledge been evaluated for their effects on histologic NAFLD. We also show that variants near PNPLA3 do not exert their effects on NAFLD indirectly by affecting component traits of the metabolic syndrome. Thus, we show that metabolic syndrome component traits and histologic features of NAFLD can be genetically dissociated.
The G allele of rs738409 in PNPLA3, but not variants at other loci we tested, associates with histologic NAFLD compared to controls from the MIGen sample (Table 1) . This specificity to PNPLA3 is a novel finding and suggests that not all variants associated with increased liver enzyme levels, including ALT, will associate with NAFLD-related phenotypes. In our studies, we did not see any evidence for association with histology-based NAFLD of the locus near CPN1 that was previously reported to associate with ALT.
This lack of association may be due to variants at this locus not being truly associated with ALT (for example due to stratification given the mixed ancestry in the original study) or because it associates with some non-NAFLD related phenotypes that are associated with increased ALT levels or may be specific to the original population tested. It is possible that misclassification of cases as controls due to the lack of liver histology in the MIGen sample can bias results to the null. However, the remarkably strong association of variants around PNPLA3 with case-control status suggests that the NASH CRN/MIGen sample is quite sensitive for identifying variants that associate with histologic NAFLD and indeed resulted in associations of larger magnitude and much greater statistical significance than in recently reported studies. 8, 9, 21 Thus, our negative results suggest that, if the variants at the other loci have any effect at all on NAFLD, these effects are much weaker than those of PNPLA3. Our strong replication of several associations with AlkPhos and GGT in the NASH CRN sample also suggests that lack of power or differences in samples are unlikely to fully explain the lack of association of the CPN1 variant with NAFLD. These results emphasizes the importance of confirming that variants associated with indirect measures of NAFLD (such as radiologic measures of liver fat or LFTs) are associated with histology-based NAFLD before concluding that such variants influence development of NAFLD itself. We also show through conditional analysis that the association of PNPLA3 variants rs2294918 and rs2281135 are likely not independent of the stronger signal of association at the nearby rs738409 variant.
NAFLD is one of the best markers of the metabolic syndrome 1, 22 which consists of having three or more of the following: impaired fasting glucose, central obesity, dyslipidemia and hypertension. Interestingly, we found that the G allele of rs738409 at PNPLA3, even though it strongly associates with NAFLD, does not associate with metabolic syndrome traits in the MIGen controls or in large-scale meta-analyses for BMI, WC, WHR, lipids and T2D. Since lack of association can always be due to lack of power, a small effect on metabolic traits cannot be ruled out. Other smaller studies have not seen an association of the G allele of rs738409 with fasting glucose, homeostasis model assessment of insulin resistance (HOMA-IR), triglycerides, total cholesterol, HDL-C, LDL-C, BMI or insulin sensitivity. 6, 21 However, the lack of effect of these variants on metabolic traits in large meta-analyses for these traits suggests that this variant does not have strong effects on these traits compared to its effect on NAFLD. Further, analyses using BMI, T2D, HDL-C, LDL-C and triglycerides as covariates in the NASH CRN/MIGen analyses did not change the strength of association of SNPs in or near PNPLA3, suggesting that variation in these traits is not confounding the relationship of these SNPs and histologic NAFLD. In addition, the striking inverse correlations in the NASH CRN sample of the NAFLD-increasing allele with features of metabolic syndrome risk factors further rule out an indirect effect on NAFLD via metabolic syndrome risk factors. Indeed, this inverse association may be due to the ascertainment on NAFLD: individuals with the high-risk allele of rs738409 may accumulate enough steatosis and subsequent damage to their liver to develop NAFLD at lower levels of metabolic disease than individuals who do not carry this allele. Taken together, these results suggest that risk for metabolic disease can be dissociated from fatty liver disease risk conferred by rs738409 and that some mechanisms by which fat is deposited in liver may be related to the presence of obesity, dyslipidemia, glucose intolerance and hypertension whereas others may be more reflective of endogenous genetic predispositions to fat accumulation in the liver. Thus, through a genetic analysis we may be able to dissociate otherwise epidemiologically related traits, and such distinctions may eventually help us to predict which treatments aimed at Nearby gene, gene nearest SNP used in analyses; Chr/Position, the chromosome and position (in NCBI Build 36) of SNP used in analyses; Effect allele, the allele for which the beta is reported; Other allele, the non-effect allele at the SNP locus; Beta, beta value for continuous phenotypes using inverse normal value as phenotype; Std Error, standard error of the phenotype; Pval, P value for association; AlkPhos, Alkaline phosphatase (n ¼ 677); ALT, alanine aminotransferase (n ¼ 667); GGT, gamma glutamyl transpeptidase (n ¼ 662).
which pathways might be most effective for different but related metabolic diseases.
Discussion
We extend previous work by showing that the G allele of rs738409 in PNPLA3 is associated with histologic steatosis as well as NASH, fibrosis and cirrhosis. Particularly striking is the association of the G allele of rs738409 with decreased likelihood of having a zone 3 centered distribution of steatosis. Zone 3 centered steatosis is more often observed in early stages of NAFLD and is less likely to be associated with ballooned hepatocytes, Mallory-Denk bodies or advanced fibrosis than panacinar or azonal distributions of steatosis. 23 Zone 3 hepatocytes are characterized by higher levels of glycolysis, liponeogenesis and ketogenesis than periportal zone 1 hepatocytes which in turn have a higher level of gluconeogenesis, urea synthesis, and bile acid and cholesterol synthesis. [24] [25] [26] [27] Although zone 3 hepatocytes may be metabolically well-suited for lipogenesis in the normal liver, in advanced disease the ability of this zone to buffer the energy overload may be overwhelmed and fat deposition throughout the liver may predominate. When the normal mechanisms that protect hepatocytes from fatty acid damage get overwhelmed, lipotoxicity, cell death and triggering of stellate cell activation ensue. 28 These processes can lead to the recruitment of inflammatory cells to the liver and to the deposition of extracellular matrix, resulting in fibrosis and cirrhosis. 28 Consistent with this hypothesis, the G allele of rs738409 in PNPLA3 is associated more frequently with diffuse fat deposition (not just limited to zone 3) it may promote NASH, fibrosis and cirrhosis throughout the liver.
One of the strengths of this work is that we were able to match cases of NAFLD with controls to enable us to find variants that associate with NAFLD. An alternative approach would have been to examine severity of phenotypes within the NAFLD sample alone. The case-control approach provided greater power: with fewer than 600 cases of NAFLD, we were able to show genetic associations of rs738409 with P values ranging from 1 Â 10 À38 to 1 Â 10
À47
, whereas in a case-only analysis, our lowest P value was 5 Â 10 À11 . This increased power by adding MIGen is due to the increased overall sample size as well as increased phenotypic breadth of the samples since few or no individuals in the NASH CRN just have just steatosis or no steatosis, respectively. The addition of these ancestry-matched controls did not appear to generate large numbers of false positives in that only variants near PNPLA3 strongly associated with NAFLD, whereas the other tested variants did not.
Limitations of this work include the ascertainment of the NASH CRN on the basis of NAFLD at one timepoint and the analysis of individuals of European ancestry; thus, results may not be directly translatable to differently ascertained samples of other ancestries or be the same over time. Although we have tried to assess the effect of the G allele of rs738409 in PNPLA3 in large meta-analyses, a small effect on metabolic syndrome components cannot be ruled out. Further the results may be affected by unmeasured confounders but the results are undiminished when controlling for measured confounders. The presence of liver disease in MIGen would cause misclassification and would bias our results towards the null, slightly reducing power compared with an equivalently sized sample known to be free of liver disease. However, this misclassification would not cause spurious associations, so the strong association between PNPLA3 and NAFLD/ NASH remains valid even in this setting. Finally, because many of the histologic subphenotypes of NAFLD are highly intercorrelated in the NASH CRN sample, further work will be needed to better characterize and possibly distinguish the specific effects of rs738409 on these phenotypes in patients with histologic NAFLD. This is to our knowledge the first well-powered assessment of the effects on histology-based NAFLD of genetic variants previously associated with liver enzyme levels. Our results suggest that variation at PNPLA3 specifically and strongly influences the development of advanced NAFLD including NASH, fibrosis and cirrhosis. Given that PNPLA3 appears to be part of a family of enzymes that affect lipid metabolism, this suggests that altering lipid metabolism, particularly within the liver, can affect accumulation of fat and subsequent development of NAFLD. These results therefore suggest that certain inherited variations in lipid metabolism precede and could lead to the development of liver disease. Because this variant appears to not have a strong population effect on diabetes, obesity or serum lipid levels, the development of fatty liver disease can be at least partially dissociated from epidemiologically correlated variables. Thus, through genetic analyses, we may be able to delineate the causal pathways that lead to specific disease complications of metabolic risk factors such as NAFLD and, in the future, selectively target them for therapeutic intervention.
